• Sectoral indirect emissions from heat and power are calculated globally • Industry and buildings are the largest source of total direct and indirect emissions.
HIGHLIGHTS
• Sectoral indirect emissions from heat and power are calculated globally • Industry and buildings are the largest source of total direct and indirect emissions.
• 2010 emissions grow from 9% to 31% for buildings when indirect emissions are added.
• 2010 emissions grow from 18% to 37% for industry when indirect emissions are added.
• Full accounting of direct and indirect emissions can improve policymaking.
INTRODUCTION
Carbon dioxide (CO 2 ) emissions from the production of electricity and heat represent the largest source of greenhouse gases (GHGs), comprising a quarter of all GHGs emitted in 2010 (IPCC, 2014; IEA, 2013a ). Past trends demonstrate continuous growth of these emissions with an average annual growth rate of 3.2% during the period 2000 to 2010, compared to 2.0% during the period 1990 to 2000.
Emissions from electricity and heat production are traditionally reported in the energy sector. However, the electricity and heat consumption leading to these emissions does not occur in the energy sector but in the end use sectors (industry, buildings, transportation, and agriculture). Even so, when electricity and heat consumption increases in a particular end use sector, the emissions reported in that sector do not increase but rather the emissions from the energy sector increase. Similarly, mitigation actions leading to the reduction of electricity and heat consumption in the end use sectors are not reported as lower emissions in those sectors where the reductions actually occur.
This traditional reporting approach does not provide a complete picture of emissions resulting from the energy consumption in the end use sectors. This paper outlines a complementary approach for GHG emissions reporting that accounts for indirect emissions from electricity and heat in the end use sectors where they are ultimately consumed. For this accounting approach, it could be considered that the emissions from the energy sector are re-allocated to the end use sectors. This re-allocation of indirect CO 2 emissions from electricity and heat consumption is a means for accounting for these emissions in the end use sectors where electricity and heat are ultimately consumed. This re-allocation provides a more complete picture of the emissions resulting from total energy consumption in each end-use sectors and allows for better mitigation policy prioritization across end use sectors. At the global level, indirect emissions were reported at the end use level in two chapters of the 2007 IPCC Fourth Assessment Report (AR4), Chapter 6: Residential and Commercial Buildings (Levine et al., 2007) and Chapter 7: Industry (Bernstein et al., 2007) and the methodology used was documented in de la Rue du Can and Price (2008) . The International Energy Agency (IEA) reports CO 2 emissions with electricity and heat allocated to consuming sectors but at an aggregate level with no sectoral detail (IEA, 2013a) .
Only a few countries report indirect emissions in their national inventories. The U.S. Environmental Protection Agency (EPA) calculates and reports end-use indirect emissions from only electricity consumption (US EPA, 2014). The UK National Atmospheric Emissions Inventory (NAEI) uses an end-user model to allocate all emissions resulting from the energy sector to the end use sectors and this approach has recently been adopted by the European Environment Agency (EEA) (UK DECC, 2014; EEA, 2012) .
Indirect emissions are reported in several studies to show the importance of electricity related emissions in end use sectors. For example, Ou et al. (2011) provides a detailed analysis of the indirect emissions for China which accounts for all upstream stages of the electricity delivery process including resource extraction and transportation, feedstock production and transportation, power generation, and transmission and distribution (T&D). Kannan et al. (2009) shows the need to consider the interaction of the power sector and end use sectors when modeling and building reduction strategies in the UK. At the local level, Chen (2012 and use the concept of urban metabolism to analyze the energy and material flows of cities in a quest for a better understanding of sustainable urban systems.
In recent years there has been growing interest in the emissions trade balances of countries. A number of researchers have developed consumption-based inventories at the national, regional, and global levels (e.g. Davis and Caldeira, 2010; Davis et al., 2010; Peters, 2010; Homma et al., 2012; Shigeto, 2012; Gavrilova and Vilu, 2012; Feng and Davis, 2012; Caro et al., 2014; Yuan et al., 2015) . These consumption-based inventories use input-output tables to estimate GHG emissions occurring both within and outside national boundaries due to the country's consumption of goods, whether produced domestically or traded bilaterally. This approach further extends the boundaries of indirect CO 2 emissions to account for emissions from the energy used in the production of goods and services consumed in a country but produced in another country. It should be noted that the methodology described in this paper is different from consumption-based inventories. The consumption-based inventory approach adds a geographical perspective and helps to better understand the implications of emissions related to trade. The accounting approach described in this paper does not re-allocate emissions across countries but rather re-allocates emissions across end-use sectors of a national economy, from the country's energy sector to the final buildings, industry, and transportation sectors within the country where energy is ultimately consumed to better understand the emissions implications of end-use sector activities. The methodology described in this paper is limited to indirect emissions occurring during electricity and heat production.
Several studies have described methodologies to estimate emission factors to calculate E&H indirect emissions. Soimakallio and Saikku (2012) calculated production-and consumptionbased CO 2 emission intensities of electricity for the Organization for Economic Co-operation and Development (OECD) countries from 1990 to 2008 and examined the impact of annual developments, allocation procedures for CHP production, and electricity trade in CO 2 emissions. Brander et al. (2011) calculated electricity-specific emission factors for OECD and non-OECD countries and explained the limitations of the IEA composite electricity/heat factors. Marnay et al. (2002) and Harmsenn and Graus (2013) incorporated a temporal dimension in estimating CO 2 emission from electricity savings by calculating marginal CO 2 intensities based on peak power emissions intensity.
While the approach of calculating indirect emissions is well-known and a large number of papers can be found in the literature, the approach is still rarely applied at the national level and no paper exists describing the methodology for applying the approach globally. In a world where national governments are committing to and implementing emission reduction actions for mitigation of climate change, improving the understanding of how emissions are evolving is essential to better prioritize and maximize efforts. Moreover, a common and consistent methodology is essential for comparing actions and tracking progress.
The goal of this paper is to (1) demonstrate the significance of including electricity and heat indirect emissions in each end-use sector globally, (2) provide electricity-specific and heatspecific factors for 138 countries so that other researchers can use this methodology to account for the indirect emissions associated with end-use sectors, and (3) contribute to the discussion regarding developing a standard methodology to calculate indirect emissions for allowing comparison of country's sectoral-level commitments. This paper describes in detail the methodology used to allocate indirect CO 2 emissions from electricity and heat production to the end-use sectors in the Fifth Assessment Report (AR5) of Working Group III of the Intergovernmental Panel on Climate Change (Krey et al., 2014) .
Understanding the combined direct and indirect CO 2 emissions associated with each end-use sector provides more robust information for researchers and policy makers to assess and monitor sectoral emissions trends, to identify and prioritize mitigation strategies, and to allocate resources to those sectors where the "demand" for energy -and thus the sectors responsible for these energy-related CO 2 emissions -occur.
DATA AND METHODOLOGY
To allocate energy-related CO 2 emissions to the sectors where the electricity and heat consumption occurs, electricity emission factors and heat emission factors (the ratio of CO 2 emissions per unit of electricity or heat delivered) were derived.
The data required to calculate CO 2 emission factors are: fuel input (I) and output (E produced ) to power, heat, and combined heat and power (CHP) plants; power plants' own energy consumption (E own use) ; and distribution and transformation losses (E delivery loss ). These data were gathered from the IEA for 138 countries (IEA, 2013b 
with output o (either electricity or heat), country c, time t, fuel type f, plant type p.
Indirect CO 2 emissions (IE) embodied in electricity and heat consumption were then estimated by multiplying the amount of final electricity and heat consumed in each sector (s) by the EF El and EF H (Annex C), respectively, for each of the 138 countries and for every year from 1970 to 2010.
The indirect emissions (IE) were then computed by multiplying the emissions factors with the corresponding electricity and heat used (E) by sector s, country c and for each year t:
ACCOUNTING CONVENTIONS
6 CHP plants produce two types of outputs, electricity and heat, from one type of energy input.
To calculate heat and electricity specific factors, it is therefore necessary to estimate the share of energy input that results in the production of heat from the share that results in the production of electricity.
Fuel inputs (I) for electricity produced in CHP plants were separated from fuel inputs for heat production according to the fixed-heat-efficiency approach used by the IEA (IEA, 2013a) . This approach fixes the efficiency for heat production equal to 90%, which is the typical efficiency of a heat boiler. The input for heat production was calculated based on this efficiency and then subtracted it from total CHP input. The remaining input to CHP was assumed to be the input for electricity production.
As noted by the IEA, this approach may overstate the actual heat efficiency in certain circumstances (IEA, 2013a,b) . Graus and Worrell's (2011) comparison of five methods for allocating inputs to heat and electricity production found that the method chosen can have a large impact on the CO 2 intensity for countries that have relatively large amounts of CHP, such as Russia, Germany, and Italy.
ADJUSTMENTS AND ESTIMATIONS
Several modifications were made to the original time series to address data issues. The source data were remapped between countries to have a constant set of countries cover the entire timespan . This affected the data of countries belonging to the former Soviet Union and former Yugoslavia. See Appendix B for additional details.
The IEA energy statistics report final energy and electricity use for three end-use sectors: industry, transport, and other. The "other" category is further subdivided into agriculture, fishing, commercial and public services, residential, and non-specified other. The "non-specified other" category includes energy used for agriculture, fishing, commercial and public services, and residential sectors that has not been allocated to these end-use sectors by the submitting countries. In most cases, there is no entry in the non-specified other category, indicating that all end-use energy consumption has been allocated to other end-use sectors. However, for some countries the energy reported in the non-specified other category needed to be allocated to the appropriate end-use sectors. To perform this allocation, the energy use in the non-specified other category was allocated to the other end-use sectors based on the share of energy allocated to each of these sub-sectors for each region.
In this analysis, a domestic-based CO 2 emissions factor was used to calculate emissions from electricity consumption in each end-use sector without distinguishing between domestically produced or imported electricity. The calculated emissions therefore represent the amount of CO 2 that would have been emitted if all the electricity consumed had been produced domestically, using the existing domestic fuel mix. Therefore, countries that import a significant proportion of their total electricity consumption have higher overall emissions in this analysis than in the IEA statistics because their emissions include emissions also associated with their imported electricity. Similarly, countries that export electricity tend to have lower total emissions in this analysis than in the IEA statistics because only emissions for electricity consumption in that country are included in this analysis whereas the IEA statistics account for total production, including the portion that is exported. These differences tend to balance out at the global level.
Optimally, a consumption-based CO 2 emissions factor should reflect the fuel mix of the imported electricity. However, this requires data on the origin and destination of exports; these data are not readily available for the 138 countries considered in this study. Moreover, electricity trading among countries is limited. In 2010, trade of electricity represented 3.3% of final electricity consumption in the world.
COMPARISON WITH REPORTED IEA EMISSIONS 2.3.1 COMPARISON OF INDIRECT EMISSIONS WITH IEA EMISSIONS FROM ELECTRICITY AND HEAT PRODUCTION
Indirect CO 2 emissions from electricity and heat production calculated using the methodology described above were compared with the reported IEA direct emissions from the electricity and heat sector. An average difference of +1.36% over the years 1971 to 2010 was found, indicating that the calculation method used in this paper slightly overestimates indirect global CO 2 emissions. This difference varies by year, with the largest negative difference in 1976 (-2.99%) and the largest positive difference in 1990 (+3.23%). However, these differences are more important at the country level, mainly as a result of import and export of electricity as explained previously. Statistical differences between electricity delivered and electricity consumed in IEA energy statistics can also explained some of these differences.
COMPARISON OF INDIRECT EMISSIONS WITH IEA INDIRECT EMISSIONS
The IEA allocates total CO 2 emissions from electricity and heat generation to the final energyconsuming sectors in proportion to the electricity and heat consumed without distinguishing emissions due to heat consumption from emissions due to electricity consumption. Table 1 compares the IEA indirect emissions with the indirect emissions calculated using the method described in this paper, showing that overall the differences are relatively small. The sectors that use large quantities of heat are attributed a lower share of emissions in the methodology used in this paper since heat production results in much lower CO 2 emissions than electricity production. This is the case of the energy sector. This sector has globally the largest share of heat use where 37% of total electricity and heat consumed is heat. 3. RESULTS The electricity CO 2 factors indicate the CO 2 emitted per unit of electricity delivered. These factors reflect the fuel mix in the power sector, the efficiency of power generation in all plants (electricity only and CHP), and electricity transmission and distribution (T&D) losses. A country that uses a high share of non-fossil fuels for power generation will have a low electricity CO 2 factor. Paraguay, Iceland, and Mozambique have the lowest electricity CO 2 factors in the world -close to zero -because most of their electricity production comes from hydroelectric or geothermal plants. The quality of data available across countries is also reflected in these factors and can explain some of the observed outliers. For example, the electricity emission factor for Botswana in 2010 was 854 tCO 2 /TJ (3,074 g/kWh). This value is much higher than any other country's value because of reporting issues in the IEA statistics; reported electricity production is 7 times lower in energy terms than the input for electricity production.
EMISSION FACTORS
Depending on the country and the accounting methodology, emission factors for one unit of electricity range between 0 and 300 tCO 2 /TJ in 93% of the cases in 2010. The mean and median are 152 tCO 2 /TJ and 140 tCO 2 /TJ in 2010, respectively. The distribution shows a wide range of emission factors with an average deviation from the mean of 108 tCO 2 /TJ.
Heat emission factors for 2010 are also shown, in orange, on Figure 2 . They are, on average, lower than electricity emissions factors, reflecting that less energy was needed to convert energy into heat than into electricity. Moreover, there are fewer emission factors because only 48 countries reported heat 1 production from either CHP or heat plants in 2010. Heat emission factors vary between 18 and 150 tCO 2 /TJ, with a mean of 81 tCO 2 /TJ and a median 79 tCO 2 /TJ in 2010. In earlier years, there are more outliers because of data reporting issues.
To observe trends across all countries, the same method explained previously was applied to world data to calculate global electricity and heat CO 2 emission factors. Figure 3 shows the historical trends of these global factors. The emission factor for natural gas, 56.1 tCO 2 /TJ, is also shown for comparison.
Source: Krey et al., 2014

Figure 2. Historical Electricity and Heat CO 2 Emission Factors
The global electricity CO 2 emissions factor was calculated to be 169.42 tCO 2 /TJ in 2010, very close to its level in 2000 (169.86 tCO 2 /TJ) and in 1990 (169.68 tCO 2 /TJ), meaning that the global carbon intensity of electricity delivered has remained fairly constant over the last 20 years. A large decrease can be observed following the collapse of the Soviet Union in 1989 when many inefficient power and heat plants were closed. This large decrease is also due to data issues, from moving to one region before 1990 to several independently-reporting countries starting in 1990. A smaller downward trend can be observed over the last 3 years due to the increase in renewables and the increase in the energy efficiency of power plants.
Figure 2 also highlights that electricity is much more carbon intensive on a global scale than natural gas; the latter can be consumed directly by end users with minimal energy consumption required for its delivery to consumers.
The global carbon emissions intensity of heat consumption has remained essentially flat since 1990. It was 94.14 tCO 2 /TJ in 1990, and it is 91.74 tCO 2 /TJ in 2010.
At the country level, emissions factors vary widely. Heat Emission Factor Natural gas Emission Factor emission factors. This is the case for India, for example, where the electricity CO 2 emissions f actor calculated is 362 tCO 2 /TJ (1,303 g/kWh) in 2010, due to low power plant efficiency, a large share of electricity produced from coal, and very high T&D loses. On the other side of the spectrum, Brazil has a relatively low electricity emission factor of 106 tCO 2 /TJ (381 g/kWh) because 78% of Brazil's electricity is from hydropower plants. Theincrease in electricity CO 2 emissions in India until 2000 is mostly due to low power plant efficiency. Electricity and heat emissions factors for all countries for 2010 are provided in Appendix C.
Figure 3: Electricity CO 2 Emission Factors for Selected Countries
INDIRECT EMISSIONS
The calculated emission factors for electricity and heat at the country level are used to calculate indirect emissions from consumption of electricity and heat in the end-use sectors. Figure 4 shows the emissions from the electricity and heat sectors when distributed to the end-use sectors at the global level for 2010.
As the figure shows, not all emissions from the energy sector are allocated to the end-use sectors. The remaining emissions are from combustion of fuel for converting primary energy into other secondary energy sources such as refining oil or production of coal products such as coke.
Figure 4. Direct and Indirect Global Energy-Related CO 2 Emissions from Fuel Combustion, 2010
The IEA's global sectoral emissions estimates show the energy sector as the largest source of CO 2 emissions from fuel combustion. However, when indirect emissions are calculated as described above, the bulk of the emissions traditionally attributed to the energy sector are allocated to the buildings and industrial sectors. As a result, these two sectors are responsible for significant levels of combined direct and indirect CO 2 emissions. The buildings sector's share of total emissions increases from 9% when only direct emissions are included to 31% when indirect emissions are added, reflecting the high share of electricity and heat demand in this sector. The share of CO 2 emissions from the industrial sector also increases significantly, from 18% to 37%, when emissions from production of the electricity and heat used by this sector are included. The transport and agriculture 2 sectors' shares of emissions increase by a very small amount from 21% to 22% and 1% to 2%, respectively. Thus, the calculation and allocation of indirect emissions results in a very different picture of the sectoral breakdown of CO 2 emissions than the breakdown of only direct emissions. Using the allocation method described in this paper, industry and buildings are shown to be the largest sources of global CO 2 emissions. Figure 5 shows the share of indirect emissions from fuel combustion in total anthropogenic GHG emissions. The inner circle shows global direct GHG emission shares of five economic sectors in 2010, including GHG emissions from electricity and heat production; agriculture, forestry and other land use (AFOLU); buildings; transport; industry; and other energy. 3 The side pull-out shows how indirect CO 2 emission shares (in % of total anthropogenic GHG emissions) from electricity and heat production are attributed to the final energy use sectors. 
END-USE INDIRECT EMISSIONS TRENDS
INDUSTRY
Direct and indirect CO 2 emissions from fuel combustion for the industrial sector accounted for 10.6 gigatons (Gt) of CO 2 emissions in 2010. This represents 68% of all GHG emissions from that sector when process and waste emissions are included (IPCC, 2014). Total CO 2 emissions from the industrial sector have increased over the last 10 years at an average annual growth rate (AAGR) of 3.4%, faster than during the previous 10 years (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) when the AAGR was The ASIA region experienced much faster average annual growth (8.4%) during the period 2000 to 2010 than during the previous decade (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) , indicating a net acceleration and making this region the largest current source of industrial CO 2 emissions from fuel combustion. This is explained largely by the growth of emissions in China, as shown in Figure 7 , which presents global industrial CO 2 emissions from fuel combustion (direct and indirect combined) for China, USA, the 27 countries of the European Union (EU-27), India, and the rest of the world (ROW). In 2010, China was by far the largest producer of industrial emissions worldwide, followed by the USA and EU-27. Developed and developing countries show opposite trends. Industrial emissions in China and India increased by 165% and 85%, respectively and decreased in the USA and EU- 
Figure 7. Global Energy-Related Direct and Indirect CO 2 Emissions from the Industrial Sector by Region
Emissions from the industrial sector depend on the nature of the industrial technology as well as fuel mix, resource availability, and industrial-sector structure. The industrial sector can be broadly defined as consisting of energy-intensive industries (e.g., iron and steel, chemicals, petroleum refining, cement, aluminum, pulp, and paper) and light industries (e.g., food processing, textiles, wood products, printing and publishing, and metal processing). The share of energy-intensive industry in the total output is a key determinant of the level of total emissions. Countries that have a high share of energy-intensive industry will have higher industrial carbon emissions intensity than will service-based economies. Figure 8 shows global industrial CO 2 emissions from fuel combustion (direct and indirect combined) by industry subsectors. The iron and steel sub-sector is the largest sub-sector source of CO 2 emissions from fuel combustion with 2.35 GtCO 2 , or 22%, of industrial emissions. Next are the chemical/ petrochemical and non-metallic mineral sub-sectors with emissions of 1.46 GtCO 2 (14%) and 1.24 GtCO 2 (12%), respectively. 
BUILDINGS
The buildings sector ranks second after the industrial sector as a global source of direct and indirect CO 2 emissions, emitting 8.8 GtCO 2 in 2010. This value represents 95% of all GHG emissions from that sector 4 (IPCC, 2014) . Emissions from the buildings sector have increased over the last 10 years at an AAGR of 2.1%, slightly faster than during the previous 10 years (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) when the AAGR was 1.6%. In 2010, 70% of total buildings-sector CO 2 emissions were indirect emissions because of the large share of electricity in the energy mix in this sector, which increased from 29% in 1990 to 40% in 2010 5 (IEA, 2013a). Indirect emissions have an AAGR of 2.8% compared to 0.7% for direct emissions over the period 2000 to 2010 because of the rapid increase in electricity use compared to fuel use. Figure 9 shows historical direct and indirect buildings-sector CO 2 emissions from fuel combustion for five world regions.
4 Other GHGs from the buildings sector include mostly methane (CH 4 ) and nitrous oxide (N 2 O) from biomass combustion and hydrofluorocarbons (HFCs) from operation and disposal of aerosol, refrigeration, and airconditioning equipment. 
Figure 9. Global Energy-Related Direct and Indirect CO 2 Emissions from the Buildings Sector by Region
The largest regional buildings-sector emissions source is the OECD1990 region, which represents almost half of all buildings CO 2 emissions (48%). Although emissions from fuel use decreased slightly in that region, by an average of 0.5% per year during the period 2000-2010, this was more than compensated for by the increase in emissions from electricity and heat (0.8%) during the same period. The fastest growth in regional emissions was in the ASIA region which had an AAGR of 6.6% over the period 2000-2010.
At a more regionally disaggregated level (Figure 10 ), the USA was the largest source of emissions from the buildings sector with 2.27 GtCO 2 , representing more than a quarter of global emissions, followed by the EU-27 and China with 16% each. The buildings sector is composed of both residential and commercial 6 buildings ( Figure 11 ).
Electricity use has increased considerably in both building types over the last 20 years. This growth is particularly notable in commercial buildings where the share of electricity consumption grew from 17% of final energy consumed in 1971 to 50% in 2010 (IEA, 2013b) . This growth has been driven by increasing penetration of electrical equipment for space cooling, air ventilation, and lighting, as well as growth in office equipment. Residential sector electricity consumption accounts for a much smaller share (21%). In developing countries, a large quantity of energy is still used in the form of biomass 7 , which accounts for 40% of final energy consumption. To date, electricity use in the buildings sector has been largely attributable to developed countries. However, electricity use is expected to grow more rapidly in developing countries in the future as rural populations move to cities and economies become more service-based. Ownership of electricity-consuming appliances in developing countries is increasing rapidly, as shown in McNeil et al. (2013) and IEA (2013c).
6 Also known as the tertiary or the service sector, the commercial buildings sector includes wholesale and retail trade, finance, communications, health care, utilities, and education according to the International Standard Industrial Classification sub-sector rev.4 Code G to U (UN, 2010) . 7 In the IPCC methodology, emissions from the burning of biomass for energy are not included in the CO 2 emissions. This is because for the purpose of calculating CO2 emissions, biomass consumption for fuel is assumed to equal its regrowth. 
TRANSPORT
In 2010, emissions from fuel combustion in the transportation sector were 6.87 GtCO 2 , representing 96% 8 of all GHG emissions from that sector. Indirect emissions in the transportation sector are very small, only 2%. This is because only a very small quantity of electricity is used for transport, and no heat consumption is reported in this sector. Most of the energy used in this sector is in the form of oil products, which account for 93% of all energy used with natural gas consuming 4%, biofuel 2%, and electricity 1% (IEA, 2013b) . Figure 12 shows historical direct and indirect CO 2 emissions from fuel combustion in the transportation sector for five world regions, plus international bunkers. The international bunkers category represents emissions from fuel burned by ships and aircraft of all countries that are engaged in international navigation and aviation. At the country level, the USA is by far the largest source of emissions, accounting for 24% of all CO 2 emissions from fuel combustion in the transportation sector ( Figure 13 ). The next largest sources of emissions are international bunkers and transportation in the EU-27 with 16% and 13% of CO 2 emissions from fuel combustion, respectively. The remaining emissions are spread among the other countries. The shares of China (8%) and India (3%) are relatively small, but this is expected to change as car ownership and freight travel is increasing in these countries (Zhou, 2013; de la Rue du Can, 2009 ). 
AGRICULTURE
According to the IPCC's Fifth Assessment Report, about 25% of all GHG emissions released into the atmosphere come from the agriculture, forestry, and other land uses (AFOLU) sector. However, most of these emissions originate from sources other than fuel combustion. Fuel combustion accounted for only 8% of GHG emissions from this sector in 2010. The main sources of the emissions in this sector are deforestation, agricultural livestock, soil fertilization, and rice cultivation. Of this 8%, indirect emissions represented 44%, reflecting a significant use of electricity in this sector.
DISCUSSION AND CONCLUSIONS
This paper describes a methodology for accounting for indirect CO 2 emissions from electricity and heat consumption in the sectors where these energy products are ultimately consumed. The results show the emissions attributable to energy demand (and use) in each end-use sector. Attributing these indirect emissions to the responsible sectors allows for assessing the full impact of electricity and heating efficiency improvements in the end-use sectors. The results show that when only considering direct CO 2 emissions, the largest sector is the energy sector, but when indirect CO 2 emissions from electricity and heat production are allocated to 1970 1972 1974 1976 1978 1980 1982 1984 1986 1988 1990 1992 1994 1996 Production of electricity from fossil fuels is particularly energy intensive and emits substantial CO 2 globally. The global emissions intensity of producing and distributing one unit of electricity is the highest of all energy products: 169 tCO 2 /TJ. Even though there has been a significant increase in electricity production from renewable sources over the last 20 years, this has been offset by the increase in electricity production from carbon-intensive fossil fuels. As a result, the average CO 2 emissions factor for delivered electricity has remained flat. Moreover, a significant amount of electricity is lost during transmission and distribution to the end-use sectors.
Accounting for indirect emissions allows for a better understanding of the underlying trends from the demand sectors by linking final energy use and CO 2 emissions. This is useful from a policy perspective, as policies to improve energy efficiency often reduce both direct and indirect emissions. There is a need to account for indirect emissions at the sectoral level so that policy makers understand the relative importance of sectoral emissions trends and the link between CO 2 emissions as reported to the UNFCCC and the final energy demand driving the source of these emissions. It is important to have a more complete picture of the climate impact of the electricity and heat reduction opportunities in the end-use sectors. This is even more essential when considering sectoral national targets and when pledging reduction commitments in international negotiations. Without accounting for indirect emissions, the impacts of specific efforts to reduce emissions are not fully represented and policy or investment decisions could be made without complete information on the benefits of such actions. Given the pressing nature of global climate change, ensuring that energy and emissions accounting that clearly links all emissions -both direct and indirect -to the end use sectors where the energy is used is essential for informed decision-making regarding investments in energy efficiency.
As a growing number of countries chose to calculate and report indirect emissions, there is a need to develop an internationally recognized method to allocate emissions resulting from the production and distribution of final energy to the sectors where these are ultimately consumed. This paper describes the methodology used in the IPCC's Fifth Assessment Report to initiate and contribute to the effort to develop such an internationally accepted methodology for allocation of indirect emissions to the end-use sectors to better represent their actual emissions and the impact of emissions mitigation efforts taken at the end-use level. 
